Adhesion and rupture of liposomes mediated by electrostatic interaction monitored by thickness shear mode resonators.
Adhesion and spreading of negatively charged unilamellar vesicles composed of POPG/POPC and DPPG/DPPC on positively charged self-assembly monolayers of 11-amino-1-undecanethiol were monitored by means of thickness shear mode (TSM) resonators with a fundamental frequency of 5 MHz. Changes of frequency and motional resistance upon vesicle adsorption were recorded as a function of surface charge density and lyotropic phase state of the lipids. From the readout of the TSM resonator, changes of the shape of the vesicles as well as the formation of supported lipid bilayers can be inferred in a quantitative manner. Increasing surface charge densities on the vesicles, which are tunable by the POPG content, led to decreasing frequency and resistance changes. At very high PG content, a lower limit of 3-12 Hz was found, indicative of the formation of planar bilayers due to vesicle rupture induced by the strong electrostatic interaction forces. Vesicles composed of DPPG/DPPC were less susceptible to deformation and rupture, a fact that can be attributed to the higher bending rigidity of DPPG/DPPC liposomes. More than 70 mol% of DPPG were needed to induce adhesion-controlled rupture of surface-attached vesicles, while only 30-50% of POPG were sufficient to form planar lipid bilayers on the quartz.